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Abstract: In Sicily (Italy), respiratory syncytial virus (RSV), rhinovirus (HRV), and influenza virus
triggered epidemics among children, resulting in an increase in acute respiratory tract infections
(ARTIs). Our objective was to capture the epidemiology of respiratory infections in children, de-
termining which pathogens were associated with respiratory infections following the lockdown
and whether there were changes in the epidemiological landscape during the post-SARS-CoV-2
pandemic era. Materials and Methods: We analyzed multiplex respiratory viral PCR data (BioFire®

FilmArray® Respiratory Panel 2.1 Plus) from 204 children presenting with respiratory symptoms
and/or fever to our Unit of Pediatrics and Pediatric Emergency. Results: Viruses were predominantly
responsible for ARTIs (99%), with RSV emerging as the most common agent involved in respiratory
infections, followed by human rhinovirus/enterovirus and influenza A. RSV and rhinovirus were
also the primary agents in coinfections. RSV predominated during winter months, while HRV/EV
exhibited greater prevalence than RSV during the fall. Some viruses spread exclusively in coinfections
(human coronavirus NL63, adenovirus, metapneumovirus, and parainfluenza viruses 1–3), while
others primarily caused mono-infections (influenza A and B). SARS-CoV-2 was detected equally
in both mono-infections (41%) and coinfections (59%). Conclusions: Our analysis underlines the
predominance of RSV and the importance of implementing preventive strategies for RSV.

Keywords: epidemiology; respiratory infections; BioFire® FilmArray® Respiratory Panel 2.1 Plus;
multiplex PCR; RSV; rhinovirus; COVID-19; adenovirus; SARS-CoV-2; influenza A

1. Introduction

Acute respiratory tract infections (ARTIs) represent a significant burden on infant
health, often leading to illness and hospitalization. The clinical symptoms of respiratory
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infections frequently lack correlation with the causative pathogen [1]. While bacterial
pathogens can cause ARTIs, the majority are viral [2]. Accurate differentiation between
viral and bacterial etiologies is crucial for clinical management, including the judicious use
of antibiotics [2–4], and predicting disease progression. Particularly, diagnosing lower respi-
ratory tract infections such as pneumonia and bronchiolitis, which are major causes of mor-
bidity and mortality in children worldwide, is imperative. Bronchiolitis, a common ARTI in
young children [5–7], has long been associated with respiratory syncytial virus (RSV) as a
primary respiratory pathogen [8,9]. Historically, distinguishing between viral and bacterial
respiratory tract infections has been challenging as traditional methods such as culture,
antigen detection, or serology are labor-intensive or lack sensitivity [10]. Polymerase Chain
Reaction (PCR) methods, while more sensitive and specific, have not become the preferred
diagnostic choice due to cost implications, particularly when targeting multiple agents [4].
Recently, multiplex assays like the BioFire® FilmArray® Respiratory Panel 2.1 Plus have
emerged, offering rapid (∼60 min) detection of numerous pathogens directly from nasopha-
ryngeal swab (NPS) samples [11]. The prevalence of common respiratory viruses—such as
respiratory syncytial virus (RSV), parainfluenza virus (PIV), adenovirus (ADV), human
metapneumovirus (MPV), human rhinovirus/enterovirus (HRV/EV), human bocavirus
(HBoV), human coronavirus (HCoV), and influenza virus—has been extensively studied
worldwide [4,12–16]. However, epidemiological data on ARTIs in Sicily and Italy, both
before and after the SARS-CoV-2 pandemic, are limited. Our retrospective study aimed
to evaluate the epidemiological patterns of ARTIs in children admitted to the pediatric
emergency room or hospitalized for respiratory issues and/or fever at the Department
of Clinical and Experimental Medicine, Pediatric Unit, San Marco Hospital, University of
Catania in Sicily, Italy—a region in the South of Italy consisting of an island. Specifically,
we sought to identify the predominant pathogens responsible for respiratory infections in
pediatric patients in Southern Italy after the lockdown and assess whether the epidemi-
ological landscape changed in the post-SARS-CoV-2 pandemic era. This investigation
aimed to inform clinical practice with valuable epidemiological insights and contribute
to the development of preventive measures, potentially including initiatives such as RSV
vaccination or strategies to mitigate viral spread.

2. Materials and Methods

A retrospective single-center cohort study was conducted to assess the epidemiological
trends in acute respiratory tract infections (ARTIs) at our tertiary referral pediatric center
in Catania, Eastern Sicily, Italy. The study adhered to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement, with all checklist items
followed [17]. Upon admission to the hospital, a BioFire® FilmArray® test was performed
using a nasopharyngeal swab to detect respiratory viruses, serving as the gold standard
for diagnosing respiratory infections. Swab samples were collected from the oropharynx
or nasopharynx using rotating swabs. Multiplex respiratory pathogen PCR data from
children presenting with respiratory symptoms or fever to our Unit of Pediatrics and
Pediatric Emergency in Catania, Sicily, were analyzed. This analysis aimed to capture the
full seasonal dynamics of respiratory infections, which were exacerbated after COVID-19-
related social distancing measures.

The study period spanned fall–winter 2022/2023, from 1 September 2022 to 15 March
2023. All children who underwent a BioFire® FilmArray® Respiratory Panel 2.1 Plus test
during this period were included in the analysis.

The analyzed cohort consisted of 204 subjects aged 1 month to 15 years. This ret-
rospective study was approved by the local ethics committees (protocol code 32/2022,
25 March 2023). Fully informed consent was obtained from all the parents of the patients
before recruitment.

The BioFire® FilmArray® Respiratory Panel 2.1 Plus was performed using a nasopha-
ryngeal swab in each nostril and/or in oropharynx on all included patients; it diagnoses
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19 types of viruses and 4 types of bacteria with a preparation time of approximately 2 min
and a 60 min turnaround time.

The following agents were analyzed:

− Influenza A (If A), A(H1), A(H3), A(H1)pdm09;
− Influenza B (If B);
− SARS-CoV-2 (SCOV2);
− MERS;
− Parainfluenza 1–4 (PIV1-4);
− Human metapneumovirus (MPV);
− Respiratory syncytial virus (RSV);
− Human rhinovirus (HRV)/enterovirus (EV)

(the assay does not distinguish between these two pathogens);
− Adenovirus (ADV);
− Human coronavirus HCoV-HKU1;
− Human coronavirus HCoV-229E;
− Human coronavirus HCoV-OC43;
− Human coronavirus HCoV-NL63.

In addition, Mycoplasma pneumoniae, Chlamydia pneumoniae, Bordetella Pertussis,
and Bordetella Parapertussis were included in the panel.

All statistical calculations were performed using Excel Ver. 2403 (build 17425.20176).

3. Endpoints
3.1. Primary Endpoint

The primary endpoint, also referred to as the true endpoint, aimed to identify the
predominant respiratory pathogens responsible for infections in childhood.

3.2. Secondary Endpoints

As secondary endpoints, also termed surrogate endpoints, we investigated the following:

1. The incidence of respiratory infections in children.
2. The occurrence of coinfections and identification of the most common pathogen

involved in coinfections.
3. Whether pathogens causing respiratory infections in children exhibited a higher

incidence in mono-infections or coinfections.
4. Whether there were fluctuations in the peak incidence of viral infections throughout

the examined months.

4. Inclusion and Exclusion Criteria
4.1. Inclusion Criteria

• Age range from >1 month to <15 years old.
• Presentation with acute fever (temperature ≥ 38 ◦C) or at least one respiratory symp-

tom (such as rhinorrhea, nasal congestion, or sore throat);
• Undergoing the BioFire® FilmArray® Respiratory Panel 2.1 Plus test;
• Onset of illness within 3 days before hospitalization.

4.2. Exclusion Criteria

• Individuals with positive results from BioFire® FilmArray® Respiratory Panel 2.1 Plus
tests conducted between 48 h after hospitalization and 3 days after discharge from
our hospital, indicative of an infection contracted within the hospital rather than in
the community.

• Patients hospitalized for another clinical condition.
• Patients with incomplete clinical information
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5. Result

During the period from 1 September 2022 to 15 March 2023, a total of 204 BioFire®

FilmArray® Respiratory Panel 2.1 Plus tests were collected from children aged 1 month
to 15 years (mean age: 4.7 ± 3.9 years, 25th percentile: 2 months, 50th percentile: 1 year,
75th percentile: 4 years) at our Unit of Pediatrics and Pediatric Emergency in Catania,
Sicily. Of these children, 52% were male and 48% were female, presenting with respiratory
symptoms (cough and/or other symptoms suggestive of respiratory infections: rhinorrhea,
nasal congestion, or sore throat) and/or fever.

5.1. Pathogens’ Prevalence in ARTIs: RSV Is the Most Frequent Virus in Childhood

Out of the 204 swabs tested, 180 (88%) tested positive for one or more agents. The
following agents were detected in order of frequency (n, % of single positives), as reported
in Figure 1.
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Figure 1. Epidemiology of acute respiratory tract infections during fall–winter 2022/2023 obtained
from 204 Biofire® FilmArray® Respiratory Panel 2.1 Plus.

− RSV (n = 75, 37%);
− HRV/EV (n = 66, 32%)
− Influenza A (n = 41, 20%);
− SCOV2 (n = 17, 8.5%);
− Adenovirus (n = 11, 5.5%);
− Human coronavirus OC43 (n = 9, 4.5%);
− Influenza B (n = 5, 2.5%);
− Human metapneumovirus (n = 4, 2%);
− Parainfluenza virus 1 and 3, (n =4, 2%);
− Parainfluenza virus 4 (n = 2, 1%);
− Human coronavirus NL63 and parainfluenza virus 2 (n =1, 0.5%);
− Human coronavirus HKU1, 229E, and MERS were not detected.

During the 2022/2023 fall–winter period, only one specimen tested positive for Bor-
detella Parapertussis (n = 1, 0.5%), while B. Pertussis, Chlamydia Pneumoniae, and My-
coplasma Pneumoniae were not detected by the BioFire® FilmArray® throughout this
period. Notably, viruses were predominantly responsible for acute respiratory tract infec-
tions (ARTIs), accounting for 99% of cases. Bordetella Parapertussis was the sole positive
bacterial finding, identified in a single case. RSV (37%) was the most common agent found
in our cohort, followed by human rhinovirus/enterovirus (32%), influenza A (20%), and
SARS-CoV-2 (8.5%). Considering patients by age group, RSV was the most frequent virus
in those ≤1 year of age, followed by HRV/EV, with influenza A in third place. In contrast,
for patients > 1 year of age, HRV/EV was the most common virus, followed by influenza
A, with RSV in third place.
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5.2. Incidence of ARTIs in Children: Positive and Negative Rates of BioFire® FilmArray®

Out of the 204 swabs analyzed, 180 (88%) tested positive for one or more agents. Of
these, 130 samples (72%) contained a single agent, while 40 samples (22%) were positive
for two agents, and only 10 samples (6%) were positive for three agents (Figure 2). A total
of 24 children (12%) tested negative.
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Figure 2. Percentage of mono-, double, and triple infections detected by Biofire® FilmArray® Respi-
ratory Panel 2.1 plus.

5.3. Occurrence of Coinfections and Principal Viruses Involved in Coinfections

Coinfection concerned 28% of total positive Biofire® FilmArray® Respiratory Panel 2.1
Plus. Among these coinfections, 80% were double infections and 20% were triple infections;
no quadruple infections were detected.

RSV and human rhinovirus/enterovirus were the predominant agents involved in
coinfections. Among the 50 samples that tested positive for ≥1 viral agent, RSV was
detected in 60% and human rhinovirus in 58%, followed by the other viruses (Figure 3).
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5.4. Comparing Coinfection and Mono-Infection Rates for Each Virus Involved in ARTIs

Human coronavirus NL63, adenovirus, metapneumovirus, and parainfluenza viruses
1–3 were detected almost exclusively in coinfections. SARS-CoV-2 was detected equally
in both mono-infections (41%) and coinfections (59%), as well as parainfluenza virus
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4 (50% vs. 50%) and human rhinovirus/enterovirus (60% vs. 40%). RSV, influenza A/B,
and parainfluenza virus 2, furthermore, were identified at higher frequencies in mono-
infections compared to coinfections (Figure 4). Coinfections were also identified more
frequently in younger children (Figure 5).
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Figure 4. Distribution of viruses: mono-infection vs. coinfections.
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5.5. Epidemiological Contrasts: Autumn (September–November 2022) vs. Winter (December
2022–March 2023)

Acute respiratory tract infections (ARTIs) experienced a notable increase, rising from
48 out of 58 (83%) positive samples in September–November 2022 to 130 out of 146 (89%)
positive samples in December 2022 to March 2023. While RSV emerged as the predominant
agent responsible for ARTIs throughout the entire fall–winter season of 2022/2023, it partic-
ularly dominated during the second trimester (December 2022 to March 2023), peaking in
the first half of January 2023. Human rhinovirus/enterovirus exhibited greater prevalence
than RSV during the first trimester of the season (September 2022 to November 2022).

Except for RSV, the epidemic curves for all other viruses remained relatively sta-
ble throughout the entire epidemic season, excluding influenza B, metapneumovirus,
SARS-CoV-2, and parainfluenza virus 1. Influenza B and metapneumovirus saw sudden
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emergence in December 2022 and January 2023, respectively, having not been detected
earlier. Conversely, the rates of SARS-CoV-2 and parainfluenza virus 1 decreased during
December 2022 to March 2023.

Influenza A, the most prevalent influenza virus of the season, similarly dominated
as the third most detected virus throughout the epidemic season, maintaining a stable
infection rate during both the first and second trimester (Figure 6).
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Figure 6. Distribution of viruses according to the timing of infection (first trimester vs. second trimester).

6. Discussion

Viruses are the predominant pathogens involved in acute respiratory tract infections
(ARTIs) [18], leading to severe morbidity, particularly among children [19]. Understanding
the epidemiology of these viruses is crucial for efficiently managing and preventing these
infections [20].

Our study depicted and subsequently analyzed the epidemiological data concern-
ing respiratory viruses among children attending our Unit of Pediatrics and Pediatric
Emergency in Catania, Sicily. The study period spanned the fall–winter of 2022–2023, mark-
ing the initial cold season following the relaxation of COVID-19-related social distancing
measures in Italy.

During this timeframe, respiratory viruses such as influenza and respiratory syncytial
virus, which had been significantly suppressed in Italy [21] in previous years due to
measures such as hand hygiene and face masks, witnessed an unprecedented resurgence.
This resurgence led to a notable uptick in viral infections and coinfections, not only within
Italy but also in other countries [22].

In our cohort, respiratory syncytial virus (RSV) emerged as the most prevalent respira-
tory pathogen, with a positivity rate of 37%, consistent with findings from several other
studies [23]. Following closely were rhinovirus at 32% and influenza A at 20%. While respi-
ratory syncytial virus is globally recognized as a primary cause of hospitalization [24,25]
and a significant contributor to child mortality [24,25], it does not always emerge as the
most identified virus in respiratory infections among children [19,26–28]. Indeed, various
epidemiological studies on pediatric patients have indicated that other viruses, particu-
larly human rhinovirus/enterovirus, may be more commonly associated with children’s
respiratory infections [19,26,27].

In Italy, there are currently limited epidemiological data available in the literature,
with studies predominantly having been conducted before the onset of the COVID-19
pandemic. Specifically, the few epidemiological studies available were primarily conducted
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in Naples (Southern Italy), Rome (Central Italy), and Trieste (Northen Italy). Furthermore,
there are no epidemiological data regarding viral infections in children in Sicily prior to the
SARS-CoV-2 pandemic.

Regarding Naples, in a study [28] conducted in 2016 involving 356 pediatric patients,
HRV/EV was identified in 44% of patients, followed by ADV at 18% and RSV at 13%.
Another study [29] conducted after the COVID-19 pandemic, by contrast, showed a shift
in epidemiological trends: RSV became the most detected pathogen (43.8%, with a peak
observed in November 2021), followed by HRV/EV (25.9%) and PIV3 (10.8%).

A study [21] conducted in Rome revealed that throughout the entire study period
(2018–2022), the most prevalent pathogen causing ARTIs was SARS-CoV-2 (38%), with
rhinovirus and RSV ranking second and third, respectively. Specifically, the year 2020–2021
lacked a significant RSV peak in children, while in 2021–2022, RSV reached its highest
observed peak during the study period.

A recent retrospective epidemiological study [30] conducted in Trieste showed that
during the fall–winter of 2022–2023 (the same period as our study), rhinovirus was the most
common agent, accounting for 40%, followed by RSV (30%) and influenza (25%) (Table S1,
Supplementary File).

Although epidemiological studies in Italy are very limited in size, the literature (from
Naples, Rome, and Trieste) consistently indicates an uptick in RSV incidence following
the lockdown. However, it is worth noting that while in the post-lockdown phase, in the
other parts of our country, RSV showed increased incidence but was never identified as the
most frequent virus, in our study, similar to findings in Naples, RSV was indeed the most
common virus of the season.

In terms of the global perspective, the literature presents considerable diversity, re-
flecting variations in the periods studied, the range of pathogens investigated, and the
populations examined.

Wilson et al. [26] conducted a study (2014–2015) showing that HRV/EV was the most
detected virus (RSV only 11%).

Similarly, Khomenko et al. [31] reported analogous results in another study (2018–2020)
conducted in Ukraine, with HRV/EV at 27.1% and ADV at 13.4% emerging as the most
frequently identified viruses. Following these, RSV accounted for 13.2% and influenza A
(If A) for 10.7%.

The prevalence of rhinovirus has been underscored in studies by Wilson and Khomenko
conducted before the emergence of COVID-19. Recent evidence suggests that rhinovirus/
enterovirus continues to be the most common pathogen responsible for respiratory infec-
tions in childhood, even in the post-COVID-19 era, in some parts of the world. A study
by Weidemann et al. [22] (New York City, November 2021–December 2022) revealed that
HRV/EV demonstrated the highest incidence throughout the investigated period, peaking
in September 2022. Thus, it appears that the COVID-19 pandemic has not altered the most
frequent pathogen responsible for ARTIs in children worldwide; this is in contrast with
our findings.

However, the three most frequently identified viruses in children’s respiratory in-
fections in the literature are HRV/EV, RSV, and If A [19,32,33]; this pattern was similarly
affirmed in our study.

In Italy, the epidemiology of respiratory viruses in children has undergone changes
since the SARS-CoV-2 pandemic, marked by a rise in cases of RSV, which has not been
documented elsewhere. In several countries worldwide, including Italy, the onset of the
COVID-19 pandemic prompted the adoption of stringent social distancing measures, such
as school closures and the promotion of hygienic practices. While designed to limit the
spread of SARS-CoV-2, these measures also contributed to containing the transmission of
other infectious agents, particularly respiratory viruses.

In Italy, these social distancing measures were maintained for a longer duration
compared to other parts of the world. Even after the extensive anti-SARS-CoV-2 vaccination
campaign, the mandatory use of masks in public places persisted until June 2022 [34]. This
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prolonged adoption of social distancing measures could have been responsible for a deficit
of immunization against various viral agents, triggering an epidemic resurgence of viruses
such as RSV and influenza in subsequent periods.

This immunological gap has been further exacerbated in Sicily, more than in the rest of
Italy, due to the island’s geographical isolation. Sicily’s geographical exclusion from the rest
of Italy has constrained social interactions and the transmission of respiratory pathogens,
resulting in a great resurgence of RSV infections following the lockdown, as indicated by
our study conducted during the fall–winter 2022–2023.

As for secondary endpoints, our retrospective study found that the incidence of
respiratory infections in children is very high: a notable number of samples tested positive,
with 180 out of the 204 swabs analyzed (88%) showing positive results for one or more
agents. Children, due to their physical and immune vulnerability, are susceptible to rapidly
transmitted and highly contagious viruses [27]; similar positivity rates, in fact, have been
documented in other studies, indicating the widespread prevalence of respiratory viruses
in pediatric populations.

In our cohort, single infections were more prevalent than coinfections, accounting
for 72% compared to 28%. Among cases of coinfections, 80% involved dual infections,
while 20% involved triple infections. The pathogenic mechanisms of coinfections are often
facilitated by a synergistic viral effect, and in some cases, coinfections may increase the
risk of complications and severe clinical features [35,36]. It is noteworthy that coinfections
are commonly observed in respiratory tract infections, especially in children [37,38]. This
observation aligns with previous studies by Khomenko et al. [31] (79.5% for mono-infections
and 20.5% for coinfections), Lei et al. [27] (82.0% single infections, 18.0% multiple infections),
and He et al. [33] (31.1% coinfections). Similar findings were reported by Mandelia et al. [38],
whose cohort showed a coinfection rate in the pediatric population of 35.0% (2068/5906),
compared with only 5.8% (270/4591) in adults (Figure S1, Supplementary File). This trend
could be attributed to the comparatively lower efficacy of the immune system in children,
leading to a slower clearance of viral loads and an increased likelihood of detecting multiple
pathogens in the airways during ARTIs.

Our observations indicate that certain viruses tend to infect children more frequently
as single infections, while others are more commonly found in coinfections. Specifically,
adenovirus exhibited the highest coinfection positivity rate in our study: among the 11 cases
of ADV detected, 10 (91%) were involved in co-detection with other viruses. In contrast,
influenza B showed a low coinfection positivity rate (20%) compared to mono-infections
(80%). Additionally, viruses like human coronavirus NL63 and parainfluenza virus 2
were exclusively detected in coinfections and mono-infections, respectively; however,
they were found in only one patient each, so this finding was not statistically significant.
These findings align perfectly with other studies [19,39]. Adenovirus is renowned for its
extended viral shedding due to the robustness and stability of the viral DNA genome. This
prolonged presence of the virus enhances the likelihood of co-detecting adenovirus. In
contrast, viruses with less stable genomes may be eliminated more swiftly from the body,
diminishing the probability of simultaneous detection with other pathogens.

The higher prevalence of SARS-CoV-2 coinfections observed in our study compared
to the existing literature, such as the study by Edderdouri et al. [19] and the review by
Weidmann [22], suggests a potential difference in the epidemiological dynamics of SARS-
CoV-2 infections in our study population. This variation could be influenced by factors
such as regional differences in viral circulation and the timing of data collection relative
to the pandemic’s progression. While our research specifically focused on children, the
studies by Edderdouri [19] and Weidmann [22] included both adults and children in their
investigation. This variation in study populations could have influenced the observed
rates of coinfection involving SARS-CoV-2 (Figure S2, Supplementary File). Our findings
are consistent with a recent systematic review and meta-analysis by Krumbein et al. [40].
Consequently, it can be inferred that SARS-CoV-2, for reasons not yet fully elucidated, often
plays a significant role in coinfections among children, more so than in adults.
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Finally, we observed a distinct peak of RSV during the second trimester (December
2022 to March 2023) of the analyzed season, particularly in the first half of January 2023.
The conventional winter peak linked to RSV has been consistently supported by numerous
studies [39,41–43]. However, in a smaller percentage of studies, it has been observed that
RSV may exhibit a peak in the autumn [19]. This variance could be attributed to differing
climatic conditions that may favor the endemic survival of this virus.

Our study also revealed a moderated positivity rate for both influenza A and B, with
rates of 20% and 2.5%, respectively, in our cohort. According to the literature [44–46], If A
and If B had nearly disappeared or significantly declined in the two previous years, likely
due to the implementation of social distancing measures aimed at mitigating the spread
of COVID-19.

In our study group, influenza A consistently exhibited a sustained positive trend
among children throughout the entire cold season. In contrast, influenza B remained absent
until December 2022, when it abruptly surfaced.

7. Limits and Strength of the Study

Our study has certain limitations:

- The assay used in our study (BioFire® FilmArray® Respiratory Panel 2.1 Plus) does
not distinguish between human rhinovirus and enterovirus and does not include the
possibility of testing for EV-D68, a significant EV type.

- The sample size, although adequate for our center’s case studies, was relatively small,
and the findings primarily pertain to our local population.

- Our study was performed in a small cohort of patients through a retrospective analysis.
- It was not possible to differentiate between superinfection and early coinfection in our

study. Consequently, our observed coinfections may represent coinfection, sequential
infection, contamination, or cross-reaction.

- Our study was conducted only in our center, and thus, the results are not generalizable
to the country.

- On the contrary, our study boasts several strengths:
- Our study underscores the significance of employing BioFire® FilmArray® Respiratory

Panel 2.1 Plus in both clinical practice and clinical trials. Notably, our case studies
utilized a comprehensive respiratory panel featuring 23 pathogens, surpassing the
scope of less recent studies that focused on only 7 viruses.

- We depicted the epidemiological progression of respiratory pathogens within our
local context, offering insights that could potentially forecast future trends.

- We documented the viral epidemiological trends during the fall–winter 2022/2023
period in Italy where, notably, only a limited number of studies have undertaken such
analyses, as many studies concluded their assessments up until the year 2022.

- Additionally, our findings indicate that, contrary to the prevailing literature, RSV sur-
passes rhinovirus as the primary pathogen responsible for ARTIs in our region among
children, thus emphasizing the importance of RSV’s vaccination in our territory.

- Moreover, we observed that SARS-CoV-2 tends to contribute to coinfections rather
than solitary infections in pediatric cases, deviating from the current literature.

8. Conclusions

In conclusion, our study endeavors to comprehensively elucidate the seasonal dy-
namics of respiratory infections in children during the fall–winter of 2022/2023 through
the analysis of data derived from multiplex PCR tests utilizing the BioFire® FilmArray®

Respiratory Panel 2.1 Plus. Our epidemiological investigation challenges conventional
expectations, revealing a notable circulation of RSV in the Sicilian territory despite its
milder climate. This underscores the imperative need to meticulously implement spe-
cific preventive strategies tailored for RSV in the Sicilian context. Further investigations
with larger sample sizes are essential to enhance our understanding of viral epidemio-
logical trends and the interplay of climatic and social factors. Our analysis underscores
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the importance of carefully implementing specific preventive strategies for RSV. In fact,
contrary to expectations based on a milder climate, RSV shows significant circulation in the
Sicilian territory.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/diagnostics14131341/s1; Table S1: The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement. Checklist of items that should
be addressed in reports of observational studies [17]. Figure S1: Co-infections rates: Our data vs.
literature. Figure S2: SARS-COV-2 in mono-infection and co-infection.

Author Contributions: Conceptualization, R.F., M.R. and A.S.; methodology, C.M. and A.D.C.;
validation, G.C. and R.F.; formal analysis, D.L.C. and V.S.; investigation, D.L.C., V.S. and A.D.C.; data
curation, P.G.; writing—original draft preparation, D.L.C. and V.S.; writing—review and editing, R.F.,
C.B. and A.P.; visualization V.S. and D.L.C.; supervision, R.F., M.R., A.S. and G.C. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki and approved by Comitato etico Catania 1, Catania (protocol code 32/2023, 25
March 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable request.

Acknowledgments: Editorial assistance with the preparation of the manuscript and English revision
was provided by Roberta De Stefani.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Reischl, A.T.; Schreiner, D.; Poplawska, K.; Kidszun, A.; Zepp, F.; Gröndahl, B.; Gehring, S. The clinical impact of PCR-based

point-of-care diagnostic in respiratory tract infections in children. J. Clin. Lab. Anal. 2020, 34, e23203. [CrossRef] [PubMed]
2. Doan, Q.; Enarson, P.; Kissoon, N.; Klassen, T.P.; Johnson, D.W. Rapid viral diagnosis for acute febrile respiratory illness in

children in the Emergency Department. Cochrane Database Syst. Rev. 2014, 2014, CD006452. [CrossRef]
3. Wishaupt, J.O.; van den Berg, E.; van Wijk, T.; van der Ploeg, T.; Versteegh, F.G.; Hartwig, N.G. Paediatric apnoeas are not related

to a specific respiratory virus, and parental reports predict hospitalisation. Acta Paediatr. Int. J. Paediatr. 2016, 105, 542–548.
[CrossRef] [PubMed]

4. Brittain-Long, R.; Nord, S.; Olofsson, S.; Westin, J.; Anderson, L.M.; Lindh, M. Multiplex real-time PCR for detection of respiratory
tract infections. J. Clin. Virol. 2008, 41, 53–56. [CrossRef]

5. Dalziel, S.R.; Haskell, L.; O’Brien, S.; Borland, M.L.; Plint, A.C.; Babl, F.E.; Oakley, E. Bronchiolitis. Lancet 2022, 400, 392–406.
[CrossRef] [PubMed]

6. Glezen, W.P.; Clyde, W.A.; Senior, R.J.; Sheaffer, C.I.; Denny, F.W. Group A Streptococci, Mycoplasmas, and Viruses Associated
with Acute Pharyngitis. JAMA J. Am. Med. Assoc. 1967, 202, 455–460. [CrossRef]

7. Loda, F.A.; Clyde, W.A., Jr.; Glezen, W.P.; Senior, R.J.; Sheaffer, C.I.; Denny, F.W., Jr. Studies on the role of viruses, bacteria, and M.
pneumoniae as causes of lower respiratory tract infections in children. J. Pediatr. 1968, 72, 161–176. [CrossRef]

8. Monto, A.S. Acute Respiratory Infection in Children of Developing Countries: Challenge of the 1990s. Clin. Infect. Dis. 1989, 11,
498–505. [CrossRef]

9. Hall, C.B. Respiratory Syncytial Virus and Parainfluenza Virus. N. Engl. J. Med. 2001, 344, 1917–1928. [CrossRef]
10. Gunson, R.N.; Collins, T.C.; Carman, W.F. Real-time RT-PCR detection of 12 respiratory viral infections in four triplex reactions. J.

Clin. Virol. 2005, 33, 341–344. [CrossRef]
11. Leber, A.L.; Everhart, K.; Daly, J.A.; Hopper, A.; Harrington, A.; Schreckenberger, P.; McKinley, K.; Jones, M.; Holmberg,

K.; Kensinger, B. Multicenter Evaluation of BioFire FilmArray Respiratory Panel 2 for Detection of Viruses and Bacteria in
Nasopharyngeal Swab Samples. J. Clin. Microbiol. 2018, 56, 10–1128. [CrossRef] [PubMed]

12. Kusel, M.M.; de Klerk, N.H.; Holt, P.G.; Kebadze, T.; Johnston, S.L.; Sly, P.D. Role of respiratory viruses in acute upper and lower
respiratory tract illness in the first year of life: A birth cohort study. Pediatr. Infect. Dis. J. 2006, 25, 680–686. [CrossRef]

13. Shi, T.; McLean, K.; Campbell, H.; Nair, H. Aetiological role of common respiratory viruses in acute lower respiratory infections
in children under five years: A systematic review and meta-analysis. J. Glob. Health 2015, 5, 010408. [CrossRef] [PubMed]

14. Juvén, T.; Mertsola, J.; Waris, M.; Leinonen, M.; Meurman, O.; Roivainen, M.; Eskola, J.; Saikku, P.; Ruuskanen, O. Etiology of
community-acquired pneumonia in 254 hospitalized children. Pediatr. Infect. Dis. J. 2000, 19, 293–298. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/diagnostics14131341/s1
https://www.mdpi.com/article/10.3390/diagnostics14131341/s1
https://doi.org/10.1002/jcla.23203
https://www.ncbi.nlm.nih.gov/pubmed/32032458
https://doi.org/10.1002/14651858.CD006452.pub4
https://doi.org/10.1111/apa.13375
https://www.ncbi.nlm.nih.gov/pubmed/26910649
https://doi.org/10.1016/j.jcv.2007.10.029
https://doi.org/10.1016/S0140-6736(22)01016-9
https://www.ncbi.nlm.nih.gov/pubmed/35785792
https://doi.org/10.1001/jama.1967.03130190061007
https://doi.org/10.1016/S0022-3476(68)80305-1
https://doi.org/10.1093/clinids/11.3.498
https://doi.org/10.1056/NEJM200106213442507
https://doi.org/10.1016/j.jcv.2004.11.025
https://doi.org/10.1128/JCM.01945-17
https://www.ncbi.nlm.nih.gov/pubmed/29593057
https://doi.org/10.1097/01.inf.0000226912.88900.a3
https://doi.org/10.7189/jogh.05.010408
https://www.ncbi.nlm.nih.gov/pubmed/26445672
https://doi.org/10.1097/00006454-200004000-00006
https://www.ncbi.nlm.nih.gov/pubmed/10783017


Diagnostics 2024, 14, 1341 12 of 13

15. Yu, J.; Xie, Z.; Zhang, T.; Lu, Y.; Fan, H.; Yang, D.; Bénet, T.; Vanhems, P.; Shen, K.; Huang, F.; et al. Comparison of the prevalence
of respiratory viruses in patients with acute respiratory infections at different hospital settings in North China, 2012–2015. BMC
Infect. Dis. 2018, 18, 72. [CrossRef]

16. Wishaupt, J.O.; van der Ploeg, T.; de Groot, R.; Versteegh, F.G.A.; Hartwig, N.G. Single- and multiple viral respiratory infections
in children: Disease and management cannot be related to a specific pathogen. BMC Infect. Dis. 2017, 17, 62. [CrossRef] [PubMed]

17. Cuschieri, S. The STROBE guidelines. Saudi J. Anaesth. 2019, 13, 31. [CrossRef] [PubMed]
18. Zhu, G.; Xu, D.; Zhang, Y.; Wang, T.; Zhang, L.; Gu, W.; Shen, M. Epidemiological characteristics of four common respiratory viral

infections in children. Virol. J. 2021, 18, 10. [CrossRef] [PubMed]
19. Edderdouri, K.; Kabbaj, H.; Laamara, L.; Lahmouddi, N.; Lamdarsi, O.; Zouaki, A.; El Amin, G.; Zirar, J.; Seffar, M. Contribution

of the FilmArray BioFire® Technology in the Diagnosis of Viral Respiratory Infections during the COVID-19 Pandemic at Ibn Sina
University Hospital Center in Rabat: Epidemiological Study about 503 Cases. Adv. Virol. 2023, 2023, 2679770. [CrossRef]

20. Esposito, S.; Mencacci, A.; Cenci, E.; Camilloni, B.; Silvetri, E.; Principi, N. Multiplex platforms for the identification of respiratory
pathogens: Are they useful in pediatric clinical practice? Front. Cell. Infect. Microbiol. 2019, 9, 196. [CrossRef]

21. Ciofi Degli Atti, M.; Rizzo, C.; D’Amore, C.; Ravà, L.; Reale, A.; Barbieri, M.A.; Bernaschi, P.; Russo, C.; Villani, A.; Perno, C.F.;
et al. Acute respiratory infection emergency access in a tertiary care children hospital in Italy, prior and after the SARS-CoV-2
emergence. Influenza Other Respir. Viruses 2023, 17, e13102. [CrossRef] [PubMed]

22. Weidmann, M.D.; Green, D.A.; Berry, G.J.; Wu, F. Assessing respiratory viral exclusion and affinity interactions through co-
infection incidence in a pediatric population during the 2022 resurgence of influenza and RSV. Front. Cell. Infect. Microbiol. 2023,
13, 1208235. [CrossRef]

23. Lin, C.Y.; Hwang, D.; Chiu, N.C.; Weng, L.C.; Liu, H.F.; Mu, J.J.; Liu, C.P.; Chi, H. Increased Detection of Viruses in Children with
Respiratory Tract Infection Using PCR. Int. J. Environ. Res. Public Health 2020, 17, 564. [CrossRef] [PubMed]

24. Stein, R.T.; Bont, L.J.; Zar, H.; Polack, F.P.; Park, C.; Claxton, A.; Borok, G.; Butylkova, Y.; Wegzyn, C. Respiratory syncytial virus
hospitalization and mortality: Systematic review and meta-analysis. Pediatr. Pulmonol. 2017, 52, 556–569. [CrossRef] [PubMed]

25. Ludeke, B.; Fearns, R. The respiratory syncytial virus polymerase can perform RNA synthesis with modified primers and
nucleotide analogs. Virology 2020, 540, 66–74. [CrossRef] [PubMed]

26. Wilson, P.T.; Baiden, F.; Brooks, J.C.; Giessler, K.M.; Apio, G.; Punguyire, D.; Moresky, R.T.; Sylverken, J.; Nyarko-Jectey, K.; Tagbor,
H.; et al. Respiratory Pathogens in Children 1 Month to 5 Years of Age Presenting with Undifferentiated Acute Respiratory
Distress in 2 District-Level Hospitals in Ghana. J. Pediatr. Infect. Dis. Soc. 2019, 8, 361–364. [CrossRef] [PubMed]

27. Lei, C.; Yang, L.; Lou, C.T.; Yang, F.; SiTou, K.I.; Hu, H.; Io, K.; Cheok, K.T.; Pan, B.; Ung, C.O.L. Viral etiology and epidemiology
of pediatric patients hospitalized for acute respiratory tract infections in Macao: A retrospective study from 2014 to 2017. BMC
Infect. Dis. 2021, 21, 306. [CrossRef]

28. Botti, C.; Micillo, A.; Ricci, G.; Russo, A.; Denisco, A.; Cantile, M.; Scognamiglio, G.; De Rosa, A.; Botti, G. Characterization of
respiratory infection viruses in hospitalized children from Naples province in Southern Italy. Exp. Ther. Med. 2018, 15, 4805–4809.
[CrossRef]

29. Maglione, M.; Pascarella, A.; Botti, C.; Ricci, G.; Morelli, F.; Camelia, F.; Micillo, A.; Calì, C.; Savoia, F.; Tipo, V.; et al. Changing
Epidemiology of Acute Viral Respiratory Infections in Hospitalized Children: The Post-Lockdown Effect. Children 2022, 9, 1242.
[CrossRef]

30. Peri, F.; Lorenzon, B.; Cason, C.; Amaddeo, A.; Norbedo, S.; Comar, M.; Barbi, E.; Cozzi, G. Urgent Hospitalizations Related to
Viral Respiratory Disease in Children during Autumn and Winter Seasons 2022/2023. Viruses 2023, 15, 2425. [CrossRef]

31. Khomenko, V.E.; Iemets, O.V.; Volosovets, O.P.; Kryvopustov, S.P.; Kryvopustova, M.V.; Mozyrska, O.V. Epidemiology of
respiratory pathogens in children with acute respiratory tract infection in Ukraine during 2018–2020 years. Wiadomości Lek. 2021,
74, 1389–1395. [CrossRef]

32. Chen, Y.-J.; Er, T.-K. Distribution of Viral Respiratory Infections during the COVID-19 Pandemic Using the FilmArray Respiratory
Panel. Biomedicines 2022, 10, 2734. [CrossRef]

33. He, Y.; Lin, G.Y.; Wang, Q.; Cai, X.Y.; Zhang, Y.H.; Lin, C.X.; Lu, C.D.; Lu, X.D. A 3-year prospective study of the epidemiology of
acute respiratory viral infections in hospitalized children in Shenzhen, China. Influenza Other Respir. Viruses 2014, 8, 443–451.
[CrossRef] [PubMed]

34. Available online: https://www.salute.gov.it/portale/nuovocoronavirus/dettaglioMaterialiNuovoCoronavirus.jsp?lingua=
italiano&id=73&area=nuovoCoronavirus&menu=vuoto (accessed on 3 May 2022).

35. de Sousa, I.P., Jr.; Giamberardino, H.I.; Raboni, S.M.; Debur, M.C.; de Lourdes Aguiar Oliveira, M.; Burlandy, F.M.; da Silva, E.E.
Simultaneous enterovirus EV-D68 and CVA6 infections causing acute respiratory distress syndrome and hand, foot and mouth
disease. Virol. J. 2021, 18, 88. [CrossRef] [PubMed]

36. Weidmann, M.D.; Berry, G.J.; Green, D.A.; Wu, F. Prevalence and Clinical Disease Severity of Respiratory Coinfections During the
Coronavirus Disease 2019 Pandemic. Adv. Mol. Pathol. 2022, 5, 73–84. [CrossRef]

37. Huang, X.B.; Yuan, L.; Ye, C.X.; Zhu, X.; Lin, C.J.; Zhang, D.M.; He, K.S.; Niu, R.X.; Cao, K.Y.; Xu, L. Epidemiological characteristics
of respiratory viruses in patients with acute respiratory infections during 2009–2018 in southern China. Int. J. Infect. Dis. 2020, 98,
21–32. [CrossRef] [PubMed]

38. Mandelia, Y.; Procop, G.W.; Richter, S.S.; Worley, S.; Liu, W.; Esper, F. Dynamics and predisposition of respiratory viral co-infections
in children and adults. Clin. Microbiol. Infect. 2021, 27, 631.e1–631.e6. [CrossRef] [PubMed]

https://doi.org/10.1186/s12879-018-2982-3
https://doi.org/10.1186/s12879-016-2118-6
https://www.ncbi.nlm.nih.gov/pubmed/28077074
https://doi.org/10.4103/sja.SJA_543_18
https://www.ncbi.nlm.nih.gov/pubmed/30930717
https://doi.org/10.1186/s12985-020-01475-y
https://www.ncbi.nlm.nih.gov/pubmed/33407659
https://doi.org/10.1155/2023/2679770
https://doi.org/10.3389/fcimb.2019.00196
https://doi.org/10.1111/irv.13102
https://www.ncbi.nlm.nih.gov/pubmed/36950039
https://doi.org/10.3389/fcimb.2023.1208235
https://doi.org/10.3390/ijerph17020564
https://www.ncbi.nlm.nih.gov/pubmed/31952364
https://doi.org/10.1002/ppul.23570
https://www.ncbi.nlm.nih.gov/pubmed/27740723
https://doi.org/10.1016/j.virol.2019.11.002
https://www.ncbi.nlm.nih.gov/pubmed/31739186
https://doi.org/10.1093/jpids/piy090
https://www.ncbi.nlm.nih.gov/pubmed/30189029
https://doi.org/10.1186/s12879-021-05996-x
https://doi.org/10.3892/etm.2018.6061
https://doi.org/10.3390/children9081242
https://doi.org/10.3390/v15122425
https://doi.org/10.36740/WLek202106119
https://doi.org/10.3390/biomedicines10112734
https://doi.org/10.1111/irv.12257
https://www.ncbi.nlm.nih.gov/pubmed/24828783
https://www.salute.gov.it/portale/nuovocoronavirus/dettaglioMaterialiNuovoCoronavirus.jsp?lingua=italiano&id=73&area=nuovoCoronavirus&menu=vuoto
https://www.salute.gov.it/portale/nuovocoronavirus/dettaglioMaterialiNuovoCoronavirus.jsp?lingua=italiano&id=73&area=nuovoCoronavirus&menu=vuoto
https://doi.org/10.1186/s12985-021-01560-w
https://www.ncbi.nlm.nih.gov/pubmed/33931064
https://doi.org/10.1016/j.yamp.2022.07.003
https://doi.org/10.1016/j.ijid.2020.06.051
https://www.ncbi.nlm.nih.gov/pubmed/32562851
https://doi.org/10.1016/j.cmi.2020.05.042
https://www.ncbi.nlm.nih.gov/pubmed/32540470


Diagnostics 2024, 14, 1341 13 of 13

39. Midgley, C.M.; Haynes, A.K.; Baumgardner, J.L.; Chommanard, C.; Demas, S.W.; Prill, M.M.; Abedi, G.R.; Curns, A.T.; Watson, J.T.;
Gerber, S.I. Determining the Seasonality of Respiratory Syncytial Virus in the United States: The Impact of Increased Molecular
Testing. J. Infect. Dis. 2017, 216, 345–355. [CrossRef] [PubMed]

40. Krumbein, H.; Kümmel, L.S.; Fragkou, P.C.; Thölken, C.; Hünerbein, B.L.; Reiter, R.; Papathanasiou, K.A.; Renz, H.; Skevaki, C.
Respiratory viral co-infections in patients with COVID-19 and associated outcomes: A systematic review and meta-analysis. Rev.
Med. Virol. 2023, 33, e2365. [CrossRef]

41. Tamerius, J.; Nelson, M.I.; Zhou, S.Z.; Viboud, C.; Miller, M.A.; Alonso, W.J. Global Influenza Seasonality: Reconciling Patterns
across Temperate and Tropical Regions. Environ. Health Perspect. 2011, 119, 439–445. [CrossRef]

42. Lamrani Hanchi, A.; Guennouni, M.; Rachidi, M.; Benhoumich, T.; Bennani, H.; Bourrous, M.; Maoulainine, F.M.R.; Younous, S.;
Bouskraoui, M.; Soraa, N. Epidemiology of Respiratory Pathogens in Children with Severe Acute Respiratory Infection and Impact
of the Multiplex PCR Film Array Respiratory Panel: A 2-Year Study. Int. J. Microbiol. 2021, 2021, 2276261. [CrossRef] [PubMed]

43. Sentilhes, A.C.; Choumlivong, K.; Celhay, O.; Sisouk, T.; Phonekeo, D.; Vongphrachanh, P.; Brey, P.; Buchy, P. Respiratory virus
infections in hospitalized children and adults in Lao PDR. Influenza Other Respir. Viruses 2013, 7, 1070–1078. [CrossRef] [PubMed]

44. Varela, F.H.; Scotta, M.C.; Polese-Bonatto, M.; Sartor, I.T.S.; Ferreira, C.F.; Fernandes, I.R.; Zavaglia, G.O.; de Almeida, W.A.F.;
Arakaki-Sanchez, D.; Pinto, L.A.; et al. Absence of detection of RSV and influenza during the COVID-19 pandemic in a Brazilian
cohort: Likely role of lower transmission in the community. J. Glob. Health 2021, 11, 05007. [CrossRef] [PubMed]

45. Yeoh, D.K.; Foley, D.A.; Minney-Smith, C.A.; Martin, A.C.; Mace, A.O.; Sikazwe, C.T. The impact of COVID-19 public health
measures on detections of influenza and respiratory syncytial virus in children during the 2020 Australian winter. Clin. Infect. Dis.
2020, 28, 2020.

46. Gov.Uk. Weekly National Influenza and COVID-19 Surveillance Report. 2020. Available online: https://www.gov.uk/
government/statistics/national-flu-and-covid-19-surveillance-reports-2022-to-2023-season (accessed on 15 December 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/infdis/jix275
https://www.ncbi.nlm.nih.gov/pubmed/28859428
https://doi.org/10.1002/rmv.2365
https://doi.org/10.1289/ehp.1002383
https://doi.org/10.1155/2021/2276261
https://www.ncbi.nlm.nih.gov/pubmed/35003265
https://doi.org/10.1111/irv.12135
https://www.ncbi.nlm.nih.gov/pubmed/23796419
https://doi.org/10.7189/jogh.11.05007
https://www.ncbi.nlm.nih.gov/pubmed/33791096
https://www.gov.uk/government/statistics/national-flu-and-covid-19-surveillance-reports-2022-to-2023-season
https://www.gov.uk/government/statistics/national-flu-and-covid-19-surveillance-reports-2022-to-2023-season

	Introduction 
	Materials and Methods 
	Endpoints 
	Primary Endpoint 
	Secondary Endpoints 

	Inclusion and Exclusion Criteria 
	Inclusion Criteria 
	Exclusion Criteria 

	Result 
	Pathogens’ Prevalence in ARTIs: RSV Is the Most Frequent Virus in Childhood 
	Incidence of ARTIs in Children: Positive and Negative Rates of BioFire® FilmArray® 
	Occurrence of Coinfections and Principal Viruses Involved in Coinfections 
	Comparing Coinfection and Mono-Infection Rates for Each Virus Involved in ARTIs 
	Epidemiological Contrasts: Autumn (September–November 2022) vs. Winter (December 2022–March 2023) 

	Discussion 
	Limits and Strength of the Study 
	Conclusions 
	References

